The main aim of this paper is to evaluate the application of monte carlo method in diagnostic radiology. ionizing radiation has been used in diagnostic radiology more than 100 years. The application of ionising radiation in medicine is a field, which is developing continuously and rapidly. Research in the relatively narrow area of radiation protection in medicine, has enabled technological development, especially in the domains, which specialize in adequacy principles and optimization practices of diagnostic radiology. Alara, (as low as reasonably achievable) principle is used to determine the dosage size. One of the preferred mathematical methods is the monte carlo method and its application in diagnostic radiology. It allows us to calculate the values of physical quantities based on photon's transport simulations. The monte carlo method is a technique in which a large quantity of randomly generated numbers are studied using a probabilistic model to find an approximate solution to a numeric problem that would be difficult to solve by other methods. The monte carlo method is essentially a mathematical model which facilitates the calculation of physical attributes based on the simulation of photon transport. The method provides a realistic simulation of radiation transport, scattering and absorption processes, carried out by ionizing radiation (photons, electrons and neutrons) as it passes through different materials and geometries.
Introduction
X-ray examination of the skeletal system is one the most frequent type of X-ray examinations. The head is x-rayed with the presence of the anti-scatter grid. In conventional radiography, the whole skull is exposed, meaning that significant doses of radiation are released. The other radiosensitive organs are exposed to scattered radiation. In the last 30-40 years, a greater need has emerged for the examination of harmful effects of radiation on human tissues. The effect of this practice has been the greater need of quantification of radiation dose on patients in diagnostic radiology. The relevant quantity for this scenario is the effective dose, referring to the doses required by the critical organs. The effective dose is determined the patient entrance surface dose and dose area product. This method is more similar to quality control of the process generating images than detriment data delivered to the patient. The Monte Carlo technique for dose estimation to various organs has been developed for this particular reason.
X-ray radiation is responsible for the transfer of energy to the medium, through which it undergoes through a series of discreet interactions. The probability of the interaction, through the unit of the photon's distance travelled, can be interpreted via the linear attenuation coefficient, which is the function of the photon's energy and composition of the medium. Random sampling from the probability distribution, within the monitored spectrum of X-ray radiation and geometric relation, between the X-ray source and phantom, can be chosen as the successive event. The probability distributions are defined for all possible types of interactions and directions, as well as characteristics of interaction products.
Aim
The aim of this article is to illustrate the methodology of the Monte Carlo simulation in photon transport. In order to calculate the total absorbed energy from the organism, the vital information from the organs and tissues that lie on the route of the phantom are necessary. The mathematical models of the phantom and various organ boundaries need to be precisely defined. In order to calculate the absorbed dosage, for organs with small volumes or distant organs, it is necessary to track a large number of photons trajectories. In order to simulate processes with the sufficient statistical uncertainty in diagnostic radiology, it is necessary to follow at least one million photons. The allusion of luck, associated with the name of this method is referred to random sampling, derived from the probability distribution, is used to approximately solve mathematical problems. X-rays, pass on energy to the medium, through which it undergoes a series discreet interactions. The probability of the photon's transport unit of interactions can be determined with the linear weakening coefficient, which is the photon energy function and also part of the medium. Random sampling from the distribution probability with reference to the particular radiation spectrum and geometric relation between the radiation source and phantom, can be chosen as successive events.
Calculated uncertainties originate from the linear attenuation coefficient's uncertainties and undetermined geometric relations. Hubel, in his research shows that these uncertainties are approximately 5 % for energies lower than 5 Kev and less than 2 % for photon energy up to 10 MeV. On the other hand, the composition and thickness of the tissue are not precisely determined in mathematical modelling of the referent human being, where in general, only 3 types of tissue are taken into account: lung, bone and soft tissues.
Methodology
In order to calculate the organism submission energy, it is necessary to know the exact structures of the organs and tissues, which are in the proton's path. This is carried out with mathematical phantom modelling, where the boarders of the various organs have to be precisely defined. Part of this mathematical modelling is calculating the doses of the various organs and tissues which is done with reference to phantom history. To simulate this process, taking into consideration the required statistic uncertainty in diagnostic radiology, it is necessary to follow at least 10⁶ photon history.
Measurements obtained using the ionization chamber give information on the absorbed dosage only of the measured spot. This principle is also applied in TLD measurements. Taking in to account the low energies of X-rays, most photons end their life span before reaching the photon detector. The thickness of the HVL for spectrum in diagnostic radiology is approximately 5 cm of soft tissue. In this scenario, it is very difficult to determine the average absorbed dosage of large organs. The value of the absorbed dosage on a certain depth inside the tissue can be determined on the basis of measuring the dosage on the surface of the patient's skin and known assigned dosage. Today, the Monte Carlo simulation of photon transport is the method of choice for estimating the required dosage for organs and calculating various conversion coefficients. This technique is used in all types of radiation in medicine, such as radiotherapy, nuclear medicine and diagnostic radiology, as well as in the analysis of the effects of certain parameters on image quality and patient dosage.
The Monte Carlo photon transport simulation is today the method of choice when it comes to estimating organ dosage and calculations of different conversion coefficients. This technique is used in all forms of radiation in medicine, such as radiotherapy, nuclear medicine and diagnostic radiology. It is also used to analyse influences of certain parameters which determine image quality and patient dose.
The simulation of photon transport in diagnostic radiology is a simplified form of photon transport, considering that photons have a small number of interactions before they end their absorption in tissues or detector. This enables us to monitor every photon throughout all its' interactions in energy range from 5 Kev to 150 Kev (kilo electron volt), has an electric stability, there is no braking radiation and electrons can locally deposit their entire energies on the spot where they were created. The dominant interaction processes are photoelectric absorption, coherent and non-coherent dissipation.
The Monte Carlo method is essentially a mathematical model which facilitates the calculation of physical attributes based on the simulation of photon transport. During the diagnostic process, the individual photon history is followed. During this process, the photons lose energy with absorption and dissipation in the body of the patient. Depending on the energy of the photons and the characteristic medium, different types of interactions with different probabilities can occur. Photons end their history in different ways, by unifying the history of a large number of photons one can determine the estimated values of the different macroscopic physical dimensions, namely energy deposition inside the body of a patient. The fundamental elements of the Monte Carlo simulation are the random number generator, density distribution sampling, and geometry and coordination transformations.
Mathematical Models of the Referent Human
One of the earliest attempts of depicting the human organism with the help of mathematical formulation based on the application of MIRD anthropomorphic phantom, which in essence was developed for the needs of intern dosimetry in nuclear medicine. In his research, Rozenstein found conversion coefficients of five radio sensitive organs for adult and paediatric patients for dose calculation. Cramer developed different models of the male (Adam) and female (Eve) organisms and Drexler calculated doses for conventional radiological procedures using these phantoms, separately for both genders. Jones and Vol expanded the dosage calculation for 12 most frequent radiological procedures. Calculating the effective dosage in accordance with the ICRP definition is based on the known absorbed doses for 12 organs and tissues. Taking into account the defined effective dosage, in his research Hart considers all relevant organs with ICRP recommendation and publishes conversion coefficients for calculating absorbed dosages based on measured KAP or ESD values. The new phantom type, based on voxelization (the conversion of an image or model into voxels), of the human organism was developed in 1998 for the basic purpose paediatric radiology, dose calculation and chemotherapy. The internal organ structure is derived from the cross section received from the chemotherapy.
Phantoms are made up of the elliptical cylinder which depicts the body and arms, two cones which symbolize the legs and truncated elliptical cylinder with an ellipsoid. The Skelton and internal organs are depicted as the secondary surface with the relevant equations. Volume pixel phantoms are a more realistic way of modelling human anatomy. The phantoms are obtained from real CT and MRI images of patients. Every organ is formed from the sums of volume elements, which enable's the precise modelling of organ borders. In this case, the surface resolution is determined solely from the chosen size of the element volume voxels. Conversion coefficients based on the applied standard model of the referent human are primarily used for assessing the collective dose and determining referent diagnostic levels. Apart from this application, they can also be used for determining both dose estimation and risks for individual patients but with a significant measurement uncertainty which is stipulated by the realistic radiology deviation technique from the Monte Carlo simulation. The modular interpretation of the human organism based on the ICRP model of the referent human being, was developed for the needs of calculating doses in real time. The basic entry parameters are snoop quality, patient positioning, height, body mass and patient gender. With the help of the software package, some 68 doses of radiographic projections can be calculated.
Conclusion
In diagnostic radiology there are two principally different approaches in determining the relevant patient dose. One of the approaches is based on patient's skin surface dose whilst the other is based on the product kern cycle and surface area. Conventional radiology is based on the final number of radiological projections and the size of the Xray. Interventional radiology, with reference to the contrast examinations of the gastrointestinal tract, size of the field, patient position and exposure parameters which change very quickly. In line with characteristics of radiological procedures, the dosimetry approach to the problem also changes.
Referent doses in diagnostic radiology portray verification levels, with the aim of identifying the places with extremely high radiation dosages. National referent levels are empirically identified, on current best practices, by measuring dosage levels of selected patient samples from various institutions. Referent levels, are by definition estimated and adopted verification levels (20). They are expressed with the values which can adequately reflect usage characteristics and enable mutual comparison of different techniques. By its' nature, referent levels are flexible and depend on the concept which differs from formally unranked, exhibited boarders for professionally exposed personnel.
Relevant recommendations in the field of ionizing radiation protection requires the designation of diagnostic referent levels (DRL) for x-ray diagnostic examinations, which is an integral part of the system of radiation protection in diagnostic radiology. According to British recommendations, as part of the national DRL, the third quartile (Q₃) has been endorsed for the distribution of patient dosages.
This DRL definition shows that in 25 % of institutions with greater dosage values it is necessary to review the current operating practice. DRL are characteristics of radiological practice and are not appropriate for evaluating exposure of individual patients.
The Monte Carlo method is an alternative method, which enables us to calculate the values of physical quantities based on photon's transport simulations, a method of choice for determining organ dosages calculating the various conversion coefficients. It uses the measurements taken with the ionizing chamber and has significant place in all the various radiation fields in medicine, such as radiotherapy, nuclear medicine and diagnostic radiology. The best way forward is to take the further radiation dosage measurements instead of the other techniques.
